US006941025B2
(12) United States Patent (10) Patent No.: US 6,941,025 B2
Greenfield et al. 45) Date of Patent: Sep. 6, 2005

(54) SIMULTANEOUS VERTICAL SPATIAL 4,897,770 A 1/1990 Solomon
FIL.TERING AND CHROMA CONVYERSION 4,903,122 A * 2/1990 Ozaki et al. ................ 348/237
IN VIDEO IMAGES 4,958,265 A 9/1990 Solomon
5,313,281 A 5/1994 Richards
(75) Inventors: James D. Greenfield, Binghamton, NJ 5,561,723 A 10/1996 DeslJardins et al.
(US); Agnes Y. Ngai, Endwell, NY 5,773,814 A * 6/1998 Phillips et al. ........... 250/208.1
(US); John M. Sutton, Endicott, NY 5,991,456 A 11/1999 Rahman et al.
(US)' Fdward F. Westermann 6,226,401 B1 * 5/2001 Yamafuji et al. ........... 382/165
. ? 6,285,801 B1 * 9/2001 Mancuso et al. ........... 382/268
Endicott, NY (US) 6,631,206 B1 * 10/2003 Cheng et al. ............... 382/164
(73) Assignee: International Business Machines
Corporation, Armonk, NY (US) OTHER PUBLICATTIONS

(*) Notice:  Subject to any disclaimer, the term of this Jin Li, “Image Compression— the Mechanics of the JPEG
patent 1s extended or adjusted under 35 20007, Microsoft Research, Signal Processing, 2000, pp.

U.S.C. 154(b) by 724 days. 1-18.%
(21) Appl. No.: 09/838,758 * cited by examiner
(22) Filed: Apr. 19, 2001
(65) Prior Publication Data Primary Examiner—Mehrdad Dastourl
(74) Attorney, Agent, or Firm—Whitham, Curtis &
US 2002/0163594 Al Nov. 7, 2002 Christofferson, P.C.; William H. Steinberg;
(51) Imt.CL7 ..o, GO6K 9/40; GO6K 9/32; (57) ABSTRACT
HO4N 1/46

(52) US.ClL ..coocovuvvnn. 382/260; 382/274; 382/300;,  Simultaneous vertical spatial filtering and chrominance con-

358/505 version 1s achieved with reduced data buffering and simpli-
(58) Field of Search ................................. 382/260, 261, fied filtering circuits by using a single filter stage and hybrid

382/262, 263, 264, 265, 274, 275, 300, filter coeflicients. Data latency 1s reduced and performance

305, 307, 318; 348/237; 358/505, 474, requirements are reduced while avoiding critical signal
486 propagation paths. The filter and buifers are fully compatible

with any scan format having consecutively presented lines
(56) References Cited of image data, including both progressive and interlaced
scan formats.

U.S. PATENT DOCUMENTS
4,602,285 A 7/1986 Beaulier et al. 8 Claims, 3 Drawing Sheets

64 BIT PIXEL BUS 12

_H fm
RASTER FORNAT
MCUNEFl L C L CL C L G (LN/CHR)
1

1234567 8~
W=p 2] 01011 1213141516 | SAPLE
311718192021 222324 ( INAUT PXEL
4156278283030 | WA
-*'54
VERTICAL FILTER BUFFER
VERTICALLY STORED
16 —
[ e R forrm /"
1 91725 3111927 210 18 26 4 12 20 28
5132129 71523 3t 5142230 81

e ——— -_ {'J ——
PIXEL DAT/ HYBRID VERTICAL FILTER _-110
UM/CHR \ () £
190 —| MULT | 140q
ADD 1 -
8= TLF: s S0 8 Llﬁm
64 BT LUM/CHR

P 2 ey LUM  VERTICALLY
o o LT3N I FILTERED
ADD 2
Vit D _, Vah ~—140b WITH CHROME
. WUT 4 K 4300 COMVERSION
Yo TYPICAL OF 8 OROF’ CVERY
o - OTHER CHR LINE

KNO=PRCvj G +P(VC+VC)+P(VC+VC+VC)+P(VC+'?'C+‘JC)+P(VC HCHAVC



U.S. Patent Sep. 6, 2005 Sheet 1 of 3 US 6,941,025 B2

64 BT PIXEL BUS ' jﬂl

o
32
RASTER {FORMAT
(LUN /CHR)
SAMPLE
~INPUT PIXEL
DATA
VERTICAL FILTER BUFFER
VERTICALLY STORED
16 .
LUM ¥ BUFFER CHR Y BUFFER

1 91725 31119 27
3228 71523 3

018 20 412 20 28
42230 816 24 32

20
30
ADD 3 164 BIT LUM/CHR
VERTICALLY
FILTERED
OUTPUT
Ly

Ly= PmVj'l' PrcVJ+ PmVj+ Pre J/N

FIG. 1

(RELATED ART)



U.S. Patent Sep. 6, 2005 Sheet 2 of 3 US 6,941,025 B2

’ —— T —. —— T — EE—

(LUM/CHR)
123 456 7 8
2] 91011 1213141516 | sawpLE I FIGURE
3117181920 21 22 23 24 INPUT PIXEL

41252627 28283031 52 | DAA

|

..... 64 :
|

l

CHROMA CONVERSION BUFFER

VERTICALLY STORED
CHR ¥ BUFFER % X VERT ¥ FILTER DATA
2101826 412 20 28 Ly Loy L3y gy 2eq 2oy 174 Z
5142230 8 16 24 1 11 21 =31 “41 £51 “61 71 48t

b4 b4

YERTICAL CHROMA FILTER

DV 64 BT LUM/CHR

CHROMA CONVERSION

OUTPUT
CHROMA CONVERSION | )
COEFFICIENTS 0
TYPICALOF 4
Xno= ZimCkt ZimGkt ZimCx
FIG. 2

(RELATED ART)



U.S. Patent Sep. 6, 2005 Sheet 3 of 3

PIXEL DAT

LUM/CHR

64 BT PIXEL BUS 2

US 6,941,025 B2

ol i1 00

RASTER FORMAT

PCLUNEFl L C L CLCLC (LUMCHR)
1 2 3 456 7 8
910 11 1213 14 1516 | SAMPLE

41252 9272820 303132 | DA

e

VERTICAL FILTER BUFFER
VERTICALLY STORED

16

LUM ¥ BUFFER CHR Y BUFFER

01826 412 20 28
$22 50 8 16 24 32

1 91725 3111927 ? 4
5132129 71523 31 | 6

64

D
HYBRID VERTICAL FILTER 110

"o MULT 1 1400

120V - . o
v?: 150 /160
DV [
. VF;: | LUM
ADD 2 f—1408
- 1304

MULT 4
VCO —DJ @ TYPICAL OF 8

0/E

XN0=PRCVj Cy +P(VC+VC)+P(VC+VC+VC)+P(VC+VC+VC) +F’(VC -I'VC)'I'PVC

FIG. 3

17 18 19 20 21 22 23 24 INPUT PIXEL

18

170
CHR

=64 BT LUM/CHR

VERTICALLY
FILTERED

WITH CHROME
CONVERSION

OROP EVERY
OTHER CHR LINE.



US 6,941,025 B2

1

SIMULTANEOUS VERTICAL SPATIAL
FILTERING AND CHROMA CONVERSION
IN VIDEO IMAGES

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention generally relates to compression of
image data and, more particularly, to preprocessing of video
image data to 1improve compression efliciency by vertical
spatial filtering and chroma conversion.

2. Description of the Prior Art

Processing of data in digital form 1s rapidly becoming
substantially universal for a number of reasons including,
but not limited to, comparatively much lower cost of digital
circuitry, noise immunity, reliability of storage, error recov-
ery and fidelity of retrieved or replicated data. Nevertheless,
the volume of digitized data from effectively analog sources
may be very large to the point of compromising the capa-
bility of performing desired processing, including transmis-
sion and storage, within required time periods and/or with
available resources. One of the most data volume intensive
data processing activities 1s the transmission and/or storage
and retrieval of 1mage data. Time periods are particularly
critical for video data which must be processed within rapid
frame rates to maintain the illusion of motion.

The only feasible solution to reducing data processing
fime with given data processing resources 1s to reduce data
volume. It 1s often possible to greatly reduce the volume of
image or video data without significantly perceptible deg-
radation of the image(s) and sophisticated and flexible
standards have been developed which support any arbitrary
degree of 1mage data compression with minimized loss of
image fidelity for the volume of data that can be accommo-
dated. For example, the Joint Photographic Experts Group
(JPEG) has developed a widely adopted standard for com-
pression of still image data. Similarly, the Moving Picture
Experts Group (MPEG) has developed a standard employing
similar principles to the JPEG standard but additionally
exploiting frame-to-frame redundancy to accommodate the
more stringent time requirements for processing of video
data. However, efliciency of compression processing 1s not
guaranteed under either standard.

Theretfore, various techniques of data pre-processing are
often employed 1n order to improve data compression
eificiency, particularly for low bit rate applications.
Typically, these pre-processing functions include horizontal
spatial filtering, vertical spatial filtering, temporal filtering,
4:2:2 to 4:2:0 chroma conversion and many others. More
than one of these techniques 1s often applied to 1image or
video data together, 1n sequence, prior to compression. Since
most 1mage data 1s digitized 1in accordance with a raster
format, buifers are usually required by any of these pro-
cesses 1n order to accumulate the minimum amount of data
which must be simultaneously available to support perfor-
mance of the desired pre-processing function. For example,
only a very small buffer 1s generally required for horizontal
spatial filtering because 1mages are generally digitized by
accordance with horizontal raster lines and the horizontal
filtering 1s usually performed over a relatively small number
of pixels 1n a single raster line.

However, much larger buifers may be required for other
pre-processing functions. For example, vertical spatial fil-
tering and chroma conversion require storage of multiple
raster lines of the image and multiple transfer paths through
the respective stages of the buffer. Such buifer storage may
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2

be considered as a delay line with multiple taps to stmulta-
necously provide 1mage value data on which the pre-
processing 1s performed. The size of the bufler 1s related to
the number of taps required for a particular pre-processing
function. For example, a four tap filter as might be employed
for vertical spatial filtering requires storage for three full
lines of data. Interleaved scan rasters generally require
separate buifers for odd and even fields, respectively.

Accordingly, 1t 1s seen that substantial storage hardware
may be required when certain types ol preprocessing are
performed. Further, when more than one preprocessing
operation 1s performed, suflicient buffers must be provided
for each individual process for progressive scan patterns and
must generally be doubled to accommodate interleaved
scans. This amount of hardware, itself, presents problems in
data handling since the pre-processing operations are gen-
crally performed serially 1n a pipelined fashion. Therefore,
in addition to the pre-processing circuits, each of which has
a finite and often substantial signal propagation time, further
circuits for transfer and reclocking of signals must be
provided between the preprocessing circuits; further increas-
ing signal propagation time and often engendering critical
paths through the full pre-processing circuit arrangement.
Therefore, extremely high levels of performance of each
individual stage of the preprocessing circuitry and the data
interconnections between them 1s required at the current
state of the art.

SUMMARY OF THE INVENTION

It 1s therefore an object of the present invention to provide
a pre-processing circuit for simultaneous vertical spatial
filtering and chroma conversion allowing reduction of buifer
hardware.

It 1s another object of the invention to provide a prepro-
cessing arrangement 1n which circuit performance require-
ments are reduced 1n performing vertical spatial filtering and
chroma conversion.

It 1s a further object of the invention to provide a pre-
processing arrangement for performing vertical spatial fil-
tering and chroma conversion for either progressive or
interleaved scan data format

In order to accomplish these and other objects of the
invention, a method of pre-processing 1mage data 1s pro-
vided including steps of applying luminance and chromi-
nance data of consecutively presented lines of data to
respective data mputs of a filter, and applying hybrid filter
coellicients to the filter to concurrently obtain spatially
filtered and chrominance converted data.

In accordance with another aspect of the invention, a
preprocessing circuit 1s provided including a filter having
inputs to recerve luminance and chrominance data corre-
sponding to consecutive 1mage data lines, and an arrange-
ment for applying hybrid filter coeflicients to the filter such
that spatially filtered and chrominance converted data are
concurrently developed by the filter.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, aspects and advantages
will be better understood from the following detailed
description of a preferred embodiment of the invention with
reference to the drawings, in which:

FIG. 1 1s a schematic block diagram of an exemplary
vertical spatial filtering circuit,

FIG. 2 1s a schematic block diagram of an exemplary
chroma conversion circuit, and
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FIG. 3 1s a simplified schematic block diagram of a
preprocessing circuilt for sitmultaneously performing vertical
spatial filtering and chroma conversion in accordance with
the 1nvention.

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT OF THE INVENTION

Referring now to the drawings, and more particularly to
FIG. 1, there 1s shown a schematic representation of an
exemplary vertical spatial filtering circuit. FIG. 2 shows an
exemplary chroma conversion circuit including modifica-
tions generally provided when the chroma conversion circuit
1s to be pipelined with a vertical filtering circuit. It 1s to be
understood that these Figures are provided and the depiction
arranged to facilitate an appreciation and understanding of
the mvention and that no part of either FIG. 1 or FIG. 2 1s
admaitted to be prior art 1n regard to the present invention.
Accordingly, FIGS. 1 and 2 have been designated “Related
Art”.

FIG. 1 1s a schematic block diagram of an exemplary
vertical spatial filtering circuit 10. The function of the
vertical filtering circuit 1s to reduce the difference in pixel
image values (e.g. luminance and chrominance) between
vertically adjacent pixels in a group of two or more (four
being illustrated) so that compression in accordance with
differences in these values will result in smaller numbers 1n
order to increase efficiency of compression with little per-
ceptible effect on 1mage fidelity. In fact, the smoothing of
image values 1n this way largely removes noise which can
result 1n very large differences 1n 1mage values between
adjacent pixels and, 1 practice, severe compromise of
compression efficiency. The filtering largely prevents deg-
radation of the image by noise that 1s, in general, more
severe and more perceptible than degradation due to
filtering, 1f appropriate filtering coetficients are chosen.

It will be assumed for simplicity and clarity in the
following discussion of FIGS. 1 and 2 that individual pixels
are represented by pairs of luminance and chrominance data
in respective pairs of bytes (e.g. 1 (luminance) and 2
(chrominance), 3 and 4, 5 and 6, etc.). For simplicity and
clarity of 1llustration, only four pixels, each represented by
a pair of luminance and chrominance bytes are shown 1n
cach line of vertical filter buffer 14 but which, 1n fact,
correspond to the parallel transmission over pixel bus 12
which, for convenience, 1s sixty-four bits wide.

Thus groups of sixty-four parallel bits representing two
bytes for each of four pixels are stmultaneously transmitted
over pixel bus 12 and sequentially loaded into vertical filter
buffer 14 to build up respective lines of data depending on
the number of pixels 1n a line 1n a g1ven picture/frame format
which may be arbitrarily chosen. It should be understood
that articulation of the 1image 1nto blocks of arbitrary dimen-
sions 1S also possible and may, m fact, yield substantial
reductions 1n overall hardware requirements by multiplexing
of the blocks, as will be evident to those skilled 1n the art 1n
view of this discussion of the nvention.

When each line 1s completed, a following line of pixels 1s
accumulated 1n the same manner to store pixel data in raster
format. The vertical size or dimension of the vertical filter
buffer 1s chosen based on the filtering function to be per-
formed which will, 1n turn, determine the number of taps
required and the number of stages 1n the vertical direction to
supply pixel data to the respective taps. The architecture of
the vertical filter buffer 14 1s, functionally, a plurality of
parallel shift registers having a stage for each line of the
image and the plurality of shift registers being equal in
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number to the number of pixels 1n each line multiplied by the
number of 1mage parameters employed to represent the
image value of each pixel; in this case the luminance and
chrominance bytes. An input stage of each functional shaft
register receives pixel data from pixel bus 12 and the lines
of data are shifted from stage to stage of the functional shift
registers in the vertical filter buffer 14 as the data 1s output

and data 1s eventually discarded.

While not of importance to the practice of the imnvention
in accordance with its basic principles, synchronous opera-
tfion of the vertical filter bufler 14 1s preferred for hardware
economy and will be assumed for purposes of this discus-
sion. Therefore, sixty-four bits (eight bytes) must be output
for each sixty-four bits (eight bytes) of input, although the
clock phase may be set in any manner convenient to the
hardware articulation. Generally, multiplexing of blocks in
the line direction will greatly increase operating margins in
this regard. Upon such read out, luminance and chrominance
data 1s functionally separated as schematically depicted by
separate luminance and chrominance buffers 16, 18,
respectively, although such additional buffers are not nec-
essary and are depicted only for purposes of explanation of
the mvention. It should be noted that the respective lumi-
nance and chrominance pixel image values of each pixel
now appear 1n separate buflers and four byte sequences of
image values along rows in buffers 16, 18 correspond to
columns of 1mage values 1n vertical filter buifer 14. These
four byte sequences of values are read out of buifers 16, 18
simultaneously and 1n parallel to the P inputs of vertical filter
20. Since the data 1s now one hundred twenty-eight bits
(sixteen bytes) wide, the data transfer rate 1s reduced (by half
in this case) to allow additional processing time in the
vertical filter; principally the multipliers 22a—22d which are
preferably of an unsigned eight bit by signed nine bit
configuration. That 1s, sixteen bits of luminance and chromi-
nance data (e.g. eight bits each) is output to a single input of
cach multiplier that has, 1n this case, four inputs in order to
filter over a vertical group of four pixels to obtain a filtered
value, Z, corresponding to a location in the original 1image
data having a resolution corresponding to a single pixel.
Eight vertical filters 20 correspond to the 128 bit width of the
data.

For the wvertical filtering function, the wvertical filter
coellicients, V, will generally be a constant signed nine bit
value and can be imput directly to or set within the multi-
pliers 22a-22d. Alternatively, some arrangement for evalu-
ating pixel values and altering filter coefficients could be
provided as will be evident to those skilled i the art within
the basic principles of the invention. The function of the
multipliers 1s to transform the 1mage values of the luminance
and chrominance values 1n accordance with a weight speci-
fied by the filter function to which the vertical filter coetli-
cients correspond. These resulting weighted 1image values
are then summed 1n as many stages as may be required by
the vertical filter function. In the exemplary case 1llustrated,
the number, N, of vertically adjacent pixels 1s four and two
stages of adders 24, 26 1s sufficient to the summation. The
result 1s then divided by divider 28 to normalize the output
value of Z, as a sixty-four bit luminance/chrominance
filtered value.

FIG. 2 1s a schematic block diagram of an exemplary
chrominance conversion circuit 30 which 1s, for simplicity
and clarity, depicted 1n an architecturally similar fashion to
the wvertical filter of FIG. 1. Data transfer between the
chroma conversion buffer 34 and luminance and chromi-
nance buffer 38 1s i1dentical to that between vertical filter
buffer 14 and luminance and chrominance buffers 16, 18
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described above except that the luminance buffer 16 1s not
used. Likewise, data transfer and input to the wvertical
chroma conversion filter 40 1s precisely the same as that
described above. However, 1t should be understood that only
four filters are required (corresponding to the 64-bit input
and reduced numbers of filtered chrominance values gener-
ally desired) and while the architecture and function of the
vertical chroma conversion filter 1s the same as the vertical
spatial filter described above, the individual chrominance
values can be differently routed to particular filters in
accordance with a desired filter function.

™

It should be understood that the foregoing description
corresponds to a stand-alone vertical chrominance filter
which could be pipelined with a vertical spatial filter such as
that of FIG. 1 by configuring register 34 as an extension of
register 14 of FIG. 1. However, this requires the buifer
capacity to be the sum of the number of lines of pixel data
required for each of the two processes; 1n this case, seven
lines or, for an exemplary 720x480 format, 5040 (7 rowsx
720 pixels) bytes or, at the bit level, 5760 seven-stage shift
registers. Pipelining with a vertical spatial filter 10 can also
be accomplished 1n a computationally and, often, function-
ally preferable manner by buffering the outputs of FIG. 1 1n
buffer 36 rather than including buifers 34 and 38 since the
vertically filtered data includes chrominance information
and the luminance and chrominance are maintained distinct
therein. (It should be understood, in this regard, that buffers
16 and 18 i FIG. 1 are not necessary and are 1llustrated to
show separation of luminance and chrominance data, as
noted above. Similarly, buffer 38 1s not necessary but is
illustrated for correspondence with FIG. 1.)

However, 1t should be recalled that there 1s a one-to-one
correspondence of the filtered Z values with the pixels 1n a
line of the 1mage and the required capacity of buffer 36 is
precisely the same as that of buffer 34. Therefore, while
possibly preferable for other reasons, chroma conversion
using the filtered Z values does not yield any hardware
economy 1n regard to required storage for image values.
Reduction of both hardware storage requirements and filter
circuits achieved by the invention will now be discussed.

For purposes of the following description of the
invention, it 1s assumed that the input picture (scan) format
1s progressive and the 1mage size 1s 720x480 pixels and that
all coefficients are normalized to 1. It will be further
assumed that the filter results are all within the valid data
range and saturation 1s not required. A four tap filter 1is
assumed to be used for vertical spatial filtering and a three
tap filter 1s assumed to be used for chroma conversion, as
was assumed 1n the discussion of FIGS. 1 and 2 above.

[Let P, be the pixel data of an iput picture, where
1=r=480 and 1=c=720 denote the pixel location within
the picture. Let V; be the vertical spatial filter coefficients
where 1=7=4 denotes one of the four vertical spatial filter
taps. Let C, be the chroma conversion filter coeflicients
where 1 =k=3 denotes one of the three chroma filter taps. In
a conventional (e.g. pipelined) design, vertical spatial filter-
ing 1s carried out prior to chroma conversion. The output of
the vertical spatial filter, Z;, =sum P, V./N, where N 1s the
normalization divisor and 1 represents the row and m rep-
resents the column of the filtered pixels in the picture. Thus,
(as a mathematical expression for the vertical spatial filter
function described above) for 1=1 to 6 and m=1, the equation
for Z,  becomes:

£=P Vi+P, Vo+P;, Va+ PV,

Lo=P5 Vi+P3 Vo+ P, V+Ps V),

10

15

20

25

30

35

40

45

50

55

60

65

6

L31=P3 V+P4 Vot Ps VatPg V,
£41=Py ViP5 Vo +Pg, Vit P V,
Ls51=P5,V+Pg Vot L7, V3+Pe V,
Lo=Po V+P V+P, [V +P V, . ..

When the 4:2:2 to 4:2:0 chroma conversion 1s applied in
a pipelined fashion to the output values of the vertical spatial
filter, Z, , X _ 1s generated where n 1s the row location and
o 1s the column location and 1s defined as X _=sum Z, C,/N.

Thus, (as a mathematical description of the operation of
FIG. 2 using buffer 36, as described above)

X11=£11C1+25,Cotl51Cs
Xo1=Ly Ci 4251 0ot 241 Cs
X31=L31C 1+ L4 Crtls1Cs
X =L, C+Z  CoAZCs . ..
When Z, 1s substituted, these equations become:

X11=P ViC1+P5 (VoC 4V, CoO P (Va3 C + VOV Cs)
+P 41 (V4 C14+V3CA4 VL C)+Ps (V,Co+ VO3 4P VA C g

X, 1s dropped by the down sampling function

X;5.=P5, V,.C+P,, (V,C +V,C)+P5, (V,C +V,C+V, C5)
+P gy (V,C14+V3CA4VLC)+P 5 (V,Co+ VO3 )+Pg V,C s

X,, 18 dropped by the down sampling function . . .

Thus 1t 1s seen that the two functions of vertical spatial
sampling and chroma conversion can be combined 1nto a
single process and performed by a single filter using a single
group of buffers. However, this combined filter requires
more taps than either the vertical spatial filter or the chroma
conversion lilter as can be seen from the subscripts of the P
values 1 the equation for X,, or X, indicating a need for
data corresponding to six pixel rows.

Nevertheless, the two end coefficients (requiring data for
rows 1 and 6 for X, or 3 and 8 for X,,) generally carry the
smallest weights and the remainder of the weights can be
adjusted so that the end weights are zero. Therefore, the
combined filter can be accomplished with a bufler arrange-
ment having only four taps, corresponding to a builer
capacity of only three lines; less than or the same as the
buffer capacity required to support the vertical spatial filter
function alone 1n a sequential or pipelined arrangement.
Thus, the additional buflering capacity required for chroma
conversion 1n a sequential or pipelined arrangement can be
climinated. The taps provide image pixel luminance and
chrominance values to filter 120 including multipliers
130a—-130d for weighting the values in accordance with
hybrid/combined VC coefficients (so-called hereinafter
since they are mathematical combinations of the V and C
coellicients discussed above for the separate processing of
FIGS. 1 and 2, respectively) which are then summed by
adders 140, 150 and the sum normalized by divider 160.

In this regard, 1t should be appreciated that while the
image data for the first pixel row will, for simplicity of
circuitry, be allowed to pass through buffer 14 1n the same
manner as other data and will be used for vertical filtering of
luminance data, when the first through fourth lines of 1mage
data are present, both luminance and chrominance filtered
data will be available corresponding to the first pixel row or
line when the second through fifth lines of image data are
available. However, this timing represents a reduction rather
than an increase 1n data latency since the converted chroma
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data would not be produced until the seventh line of 1mage
data was buflered 1n the sequential or pipelined arrangement
of FIGS. 1 and 2 regardless of which of the P or Z values are
used.

It should also be appreciated that while vertical filtering of
luminance data i1s performed for each line of image data,
converted chrominance data 1s only provided for every other
line of the image data and 1s thus referred to as downsam-
pling 1n the discussion of the derivation of X,, and X,
values above and need not be calculated. As a practical
matter, however, switching of data (and coefficients) at the
input of the filter circuit and controlling portions of the filter
circuit to avoid calculation of the unnecessary converted
chrominance values would be complex and generally would
engender timing problems. Therefore, chrominance conver-
sion 1S calculated for all lines and the unused values simply
dropped for odd or even pixel lines, as schematically indi-
cated by blocking with AND gate 170. A simple line counter
circuit can be used for determining the lines to be blocked
or dropped.

Additionally, 1t can be appreciated that the various sums
of products of V; and C, are lumped coethicients which can
be calculated or empirically determined and are thus fewer
than the number of coeflicients which must be used in
sequential or pipelined arrangements. It follows that the
number of filtering circuits, including multipliers, adders
and dividers, 1s reduced by one-third 1n this example; further
reducing hardware requirements. Perhaps more importantly,
the number and nature of the elements of the signal propa-
gation path 1s limited to the elements required for a single
filtering process and no data transfer or reclocking circuitry
1s required since there 1s no pipeline. Therefore, no critical
paths are generated and circuit performance requirements, in
terms of signal propagation time through preprocessing
circuits are substantially relaxed.

Referring now to FIG. 3, a hardware architecture imple-
mentation of the mvention will now be discussed. It should
be appreciated that this architecture 1s substantially simailar
to that of FIG. 1 and many particulars discussed above need
not be repeated. Viewed 1n another way, substantially the
same hardware required for vertically spatial filtering data
can produce the result of both vertical spatial filtering and
chroma conversion with reduced latency. As with the
arrangement of FIG. 1, data 1s provided from pixel bus 12 to
buffer 14 and separated into luminance and chrominance
data as indicated at 16, 18, although, as indicated above,
physical separation or additional buffering 1s not required.
Hybrid vertical filter 110 1s also of somewhat similar archi-
tecture to that of FIG. 1 but may also contain some gating
structures to control 1nput of 1mage data and/or V, C and/or
VC coeflicients and/or output, such as the blocking of
converted chrominance wvalues as discussed above or,
alternatively, using the V coeflicients instead of the VC
coellicients for alternate lines of 1mage data. Details of such
gating are not important to the principles or successiul
practice of the invention. As demonstrated above, all that 1s
necessary to achieve the meritorious effects of the invention
1s to supply the combined filter coeflicients V, C, to the filter
along with the luminance and chrominance data to obtain
data which has been both vertically spatial filtered and
vertically chrominance converted. Any desired control of the
filter circuit 1n accordance with the invention can be done 1n
numerous ways that will be evident to those skilled 1n the art
in view of the above discussion.

In practice, the input picture can be either progressive or
interlaced; the latter having odd and even fields comprising
odd and even pixel lines, respectively. In theory, as noted
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above and prior to the present invention, suificient buffers
were required for each mdividual process for progressive
scan patterns and buffers generally could be made larger to
accommodate interleaved scans. It 1s also possible to pro-
vide dedicated filters (including buffers) for odd and even
fields. However, it 1s not practical to buffer an entire field
and filtering between fields has not been found to yield and
particular benefit that would justify doing so and any desired

change 1n scan format would be done downstream from the
filter.
Therefore, while the nvention was described above

assuming a progressive scan format, 1t can be applied
equally and without need for modification or alteration of
bufler configuration or capacity to an interlaced scan format.
Processing for one odd or even field will be complete before
data for the next field 1s introduced into the buffer. In
ogeneral, slightly different coefhicients, VC_, VC_, will be
used for the odd and even fields which can be gated at the
filter input as schematically shown at 180 of FIG. 3 but the
data of the odd and even fields are preferably not mixed.
That 1s, 1t 1s preferred to perform filtering and chrominance
conversion on consecutively presented lines of data regard-
less of whether the scan format 1s progressive or interlaced.

The coeflicients can also be rapidly changed, at will, 1n
correspondence with the processing of an odd or even field
cither by selective enablement of digital multipliers and
adders containing the respective groups of coeflicients
respectively corresponding to the odd and even fields or the
same physical hardware circuits could be used for both fields
by simply rewriting coefficients between fields. Therefore,
the same buifer can be used for progressive format data or
interlaced format data.

In view of the foregoing, 1t is seen that the invention
provides simultaneous vertical spatial filtering and chroma
conversion with simplified circuitry and reduced storage
requirements. Additionally, since pipelining 1s avoided, per-
formance requirements of the filter circuitry are substantially
relaxed and critical paths and/or reclocking and transfer
circuitry are avoided.

While the invention has been described in terms of a
single preferred embodiment, those skilled 1n the art will
recognize that the mvention can be practiced with modifi-
cation within the spirit and scope of the appended claims.

What 1s claimed 1s:

1. A method of pre-processing image data, said method
including steps of

buffering and applying luminance and chrominance data
of consecutively presented lines of data to respective
data inputs of a filter,

applying hybnd filter coeflicients to said filter for con-
currently and simultaneously filtering said luminance
and chrominance data to concurrently and simulta-
neously develop vertically spatially filtered and
chrominance converted data, and

removing alternate lines of said chrominance converted

data,
wherein said {iltering comprises steps of

multiplying said luminance and chrominance data by said
hybrid filter coeflicients for respective ones of said
consecutively presented lines to produce weighted
luminance and chrominance values, and

summing said weighted luminance and chrominance val-
ues.
2. A method as recited 1n claim 1, wherein said consecu-
tively presented lines are lines of a progressive scan format.
3. A method as recited 1n claim 1, wherein said consecu-
tively presented lines are lines of an odd field or an even field
of an interlaced scan format.
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4. A method as recited m claim 3, further mmcluding a step
of

altering said hybrid filter coefficients for respective ones
of said odd field and said even field.
5. A pre-processing circuit for image data including,

a filter having inputs to receive luminance and chromi-

nance data corresponding to consecutive image data
lines,

a buffer for storing said consecutive lines of said image
data and outputting said image data to said filter,

means for applying hybrid filter coeflicients to said filter
such that vertically spatially filtered and chrominance
converted data are concurrently and simultaneously
developed by said filter,

means for multiplying said luminance and chrominance
data by said hybrid filter coeflicients for respective ones

10

15
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of said consecutively presented lines to produce
welghted luminance and chrominance values,

means for summing said weighted luminance and chromi-
nance values, and means for sub-sampling said chromi-
nance converted data.

6. A pre-processing circuit as recited in claim 5, wherein
sald consecutive 1mage data lines correspond to a progres-
sive scan format.

7. A pre-processing circuit as recited in claim 5, wherein
said consecutive 1mage data lines correspond to and odd
field or an even field of an interlaced scan format.

8. A pre-processing circuit as recited in claim 7, further
including

means for altering said hybrid filter coefficients for

respective ones of said odd field and said even field.
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